This study was carried out to evaluate the accuracy of oxacillin and cefoxitin disc diffusion testcompared with mecA gene-positive PCR isolates. Two hundred and six clinical swabs fromnose, hand and ear were collected from four different hospitals in Baghdad. The diagnostic results showed that (154) out of (206) samples gave positive bacterial culture, (61) of them were confirmed as Staphylococcusaureus; of which 47 (77%) were oxacillin-resistant Staphylococcus aureus and exhibited multiple resistances to other tested antibiotics. Depending on the MICs values;23 isolates was chosen. Plasmid profiles revealed that (11) out of (23) had a plasmid with different molecular weight. Using polymerase chain reaction assay, 19 isolates were found to havemecA geneand results of agarose gel revealed the presence of DNA band at (200 bp.); the results detect a correlation between the positivity of the isolates for cefoxitin resistant test and the molecular study for the presence of (mecA).
Introduction
One of the major ecological problems in a society is the problem of health-care facilities (hospitals, inpatient and outpatient departments). Hospital represents a special environment, serving health care to patients and as a work environment for medical and other staff [1] . Nosocomial or hospitalacquired infections; are those infections acquired in hospital by a patient who was admitted for a reason other than that infection [2] . The microbiological factor is the most risky one for immuno-compromised patients because it has the potential to start nosocomial infections [1] . Any microbial group, bacteria, viruses, fungi, or parasites can cause a nosocomial infection, but bacteria are the most prevalent organisms. The natural bacterial world has always coexisted with humans and their extended environments [3] .
Stapylococcusaureus is a unique microorganism as compared with other clinically relevant bacteria in three respects that the organism expresses a variety of virulence factors; continues to demonstrate the ability to develop resistance to include a broad array of antimicrobial classes, and S.aureus is a prominent pathogen in both hospital and the community settings [4] . Thus; it has been recognized as one of the major human pathogens and is by far one of the most common nosocomial organisms [5] . It permanently colonizes the epithelium of 20% of the population, transiently occurs in more than 60% and 20% never carry the organism [6] .
Despite the availability of novel drugs as an approach to staphylococcal therapy, the bacteria seem to be able to rapidly develop resistance to these drugs [7] . In recent years, S. aureus became resistant to both new and traditional antibiotics and thus, treatment of antibiotic resistant bacteria represented a therapeutic problem. For this reason, the determination of the susceptibility pattern is useful to determine the future challenges of effective therapy. Methicillin-resistant S.aureus (MRSA) (which also may be called multi drug resistant S.aureus and oxacillin resistant S.aureus "ORSA") represents a serious problem in hospitals worldwide, increasing infected patients mortality and morbidity and raising treatment costs [8] . Hospital-aquired MRSA/ ORSA are usually associated with increased expression of multiple antibiotic resistance genes including those genes coding for aminoglyciside resistance [9] . S.aureusdeveloped resistance to β-lactam antibiotics through the acquisition of themecAgene that encodes penicillin-binding protein 2a (PBP2a), which has a significantly reduced affinity for β-lactam antibiotics, thereby conferring β-lactamresistance [10]. Thus; resistant strains usually expressed PBP2a that was absent from susceptible ones, making it a useful molecular marker of β-lactam resistance. Therefore; the detection of mecA, by the Polymerase Chain Reaction (PCR), is considered a gold-standard technique for oxacillin resistance detection [11] .
Material and Methods
Two hundred and six clinical samples were collected during the period from February to October 2010; these samples were obtained from Al-Kaddimia Teaching Hospital, Al-Yarmuk General Teaching Hospital, Al-Kindi General Teaching Hospital and Central Pediatric Teaching Hospital. Samples from nose (both anterior nares), hand-swab (especially hands of the hospital personnel) and ear-swab were collected from different patients attending the four hospitals, health care workers such as staff-nurses, ward boys and indoor environment of these hospitals. Preliminary identification of the isolates was performed as described by [12] on the basis of colonial morphology, cultural characteristics on agar media, grams staining, catalaseactivity, coagulase test, and growth onmannitol salt agarand thermonuclease activity of clinical isolates. In addition; a confirmatory examination was carried out using the (VITEK 2 System) at Al-Kaddimia Teaching Hospital.
Antibiotic susceptibility profile
The antibiotic susceptibility profile for these isolated was tested against fifteen antibiotics included (β-lactam antibiotics, fluoroquinolones, aminoglycosides, macrolides, glycopeptide, phenicoles and tetracycline). The disc diffusion (DD) assay was performed using Kirby-Bauer method according to the [13] guideline. All the S.aureus isolates that were previously identified by morphological and biochemical tests, plated by streaking on Muller-Hinton agar medium (with a turbidity equivalent to 0.5 McFarland tube; containing approximately 1 to 2 * 10 8 cfu/ml). The zone margin should be considered the area showing no obvious, visible growth that can be detected with the unaided eye [13] . This gave a profile of drug susceptibility vis-à-vis antibiotic resistance [14] .
Identification of bacteria with VITEK 2 System
A specific number of S. aureusisolates was selected according to the antibiotic susceptibility profile were chosen to confirm their identification and antibiotic susceptibility using theVITEK 2 System provided by Al-Kaddimia Teaching Hospital.
Detection of MIC by Broth microdilution method for oxacillin
MICs were determined using the broth microdilution method. Oxacillin stock solution was prepared at a concentration of 1280 μg/ml in deionized water. The antibiotic was serially diluted with 2.0% NaCl as recommended by the NCCLS to give working concentrations of 64-0.125 μg/ml and bacterial suspension of 0.5 McFarland. Turbidity standard was added to all the wells and were incubated for 24 hours at 35 ± 2˚C. the MIC breakpoint of oxacillin (1μg/ml) for S.aureuswas ≥ 4.0 -˂ 2(μg/ml).
Extraction of the bacterial chromosomal and plasmid DNA
DNA extraction mini kit (INtRON biotechnology) and Plasmid mini preparation kit (Fermentas) were used according to the manufactures' instructions to isolate the chromosomal and plasmid DNA from S.aureus clinical isolates.
Spectrophotometer determination of DNA
Ten micro liters of each DNA sample were added to 490μl of D.W. Using spectrophotometer, the optical density was measured at wave length of 260 nm and 280 nm. An optical density of 1 corresponds to approximately50 mg/ml for double stranded DNA; the concentration of DNA was calculated according to formula described in [15] . DNA concentration (μg/ml)=optical density at 260 nm X 50 X dilution factor.
Detection of S. aureus specific gene
PCR amplification was performed according to [16] . A partial nucgene was amplified using nuc gene primers (nucF5'GCGATTGATGGTGATACGGTT3' andnucR5'AGCCAAGCCTTGACGAACTAA GC3'). These primers were synthesized by Cinna Gen, Iran. Using temperaturegradient program starting from 50.7˚C to 55˚C with 0.5˚C increment each time; annealing temp. was recorded as 55˚C.
Detection of mecA gene by PCR
PCR-based identification used in this study for accurate detection of mecA gene which mediates oxacillin resistance in staphylococci using the primers (mecA F 5'AACAGGTGAATTATTAGCACTTGTAA G3'andmecAR 5'ATTGCTGTTAATATTTTTTGAGTTGAA 3') according to [17] which were provided by Cinna Gen, Iran. All the nuc positive strains (n=23) that were characterized as ORSA by the (oxacillin DD and MIC test) were subjected to PCR to detect the presence of mecAgene using thermal cycler; starting with 94˚C for 5 minute, 30 cycles at 94˚C for 1 minute, at 55˚C for 1 minute, then at 72˚C for 1 minute followed by final extension for 5 minute at 72˚C.
Results
Depending on the conventional cultural procedures, results showed that; 154 samples gave positive culture and many of them showed beta haemolytic activity on blood agar plates. Primary test for species identification was done by Gram staining and standard biochemical tests and results revealed that 61 isolates were detected as S.aureus as they appear Gram positive. The clinical isolates ferment mannitol and produced yellow color due to the acid production; they were catalase positive due to the production of catalase enzyme which distinguishes them from Streptococcus spp. Isolates were positive for coagulase which distinguished them from other Staphylococcus spp. characterizingthem as S.aureus. In addition; a confirmatory examination was carried out using the (VITEK 2 System) at Al-Kaddimia Teaching Hospital; this documented system enable rapid identification for the suspected specimens to the species level.
The tested pathogenic isolates were found to exhibit obvious level of resistance against the antibiotics used and the susceptibility pattern for these clinical S. aureusisolates are shown in Fig. (1) and Table ( The percentages of resistance for S. aureus isolates toticarcillin-clavulanic acid, penicillin, oxacillin, cefepime, cefoxitin, cephalothinwere (93.4, 78.7, 77.1, 68.9, 65.6 and 55.7 %), respectively, followed by a moderate resistance against erythromycin (47.5%) andtetracyclin (27.9%)while, the percentage of resistance of gentamycin and amikacinwas (18%), ciprofloxacin (14.8%) and(13%) for chloramphenicol. On the other hand, the tested isolates exhibited a high degree of susceptibility towards vancomycin (6.6%), tobramycin (9.8%) and imipenemwith only (3.3%). Results showed that (77%) of the total number of isolates exhibited multiple resistances as determined by their ability to resist more than three types of antibiotics as described in Table ( 2). Theses isolates were oxacillin resistant and thus they were designated as multidrug-resistant oxacillinresistant S.aureus (MDR-ORSA). All staphylococci that characterized previously as S. aureus by conventional methods were further identified using a set of nuc primer. All the selected isolates (n=23) expressed S.aureusspecific sequence gene in their PCR products which confirmed the obtained results that all the isolates were S.aureusas shown in Figs. (2 A,B and C) . The amplified PCR product appeared as a single DNA band with a molecular size of about (300bp) when compared with the size marker (100 bp.) ladder, this result is slightly close to the previously published results by [18] who detected a (276 bp) DNA fragment in all tested S.aureus isolates. Also it was in accordance with the findings of [16] who indicated that; the quantity of the 270-bp that he get as PCR product varied with the number of S.aureus CFU isolated from the specimen in such a way that the nuc PCR detected 20 viableS. aureus cells.
The results of plasmid profiles revealed that (11) out of (23)contain a plasmid and six of them appear to have two plasmids with a molecular size of (5200 bp) and (10,000 bp) as shown in Fig.(3A) ; while the plasmid profile of the rest five isolates Fig.(3B) revealed a plasmid with large molecular size (out of the borderline of the ladder) except one isolate; (S67) which showed three types of plasmids with closely determined molecular sizes of (4000 bp, 10,000 bp) and the third band was out of the borderline of the ladder. PCR product of negative control (without DNA template). A) Lane (3-11) PCR product for Staph aureus specific nuc gene of nine isolates arranged as (S5, S10, S12, S14, S21, S34, S35, S41 and S45). B) Lane (3-12) PCR product for the isolates (S76, S79, S81, S82, S86, S87, S88, S90, S100, and S102). C) Lane (3-6) PCR product for the isolates (S50, S51, S56 and S67). The results of PCR for mecA gene (which mediates oxacillin resistance in staphylococci) exhibited thatmecAgene was detected in 19 out of 23 oxacillin-resistant S.aureusand as shown in Fig.(4 A and B) . and S56). B) PCR product for the isolates (S67, S76, S79, S81, S82-ve, S86, S87, S88-ve, S90, S100 and S102).
Discussion
Oxacillinis the agent recommended by the CLSI for phenotypic tests to predict resistance to penicillinase-stable penicillins (PSPs) because of its stability and superior sensitivity over other PSPs used for susceptibility tests.
The results of our work demonstrated that out of 61 tested S.aureusisolates; 47 isolates showed a high level of resistance (77%) to oxacillin (ORSA); the target antibiotic. The majority of ORSA were resistant to all β-lactam antibiotics in accordance with that obtained in Saudi Arabia by [19] , [20] . S.aureus isolates recorded (78.6%) resistance against penicillin; which represent the same class of antibiotic as oxacillin that kills the bacteria by the inhibition of the cell wall synthesis. Our results are in agreement with the earlier study of [18] who reported 100% resistance to penicillin and oxacillin against S.aureus isolates from clinical hospitals in Cairo. Cefoxitin which is a type of the cephamycin a subclass of β lactams antibiotic has beenrecommended by the CLSI in (2011) as a surrogate for the accurate detection of mecA-mediated resistance to oxacillin and other (PSPs), i.e., methicillin and cloxacillin, thus; the recorded result of (65.6%) resistance among our tested isolates represent methicillin resistant among these isolates and in agreement with the published studies of [21] [11] in which they recorded the effectiveness of cefoxitindisc diffusionmethod to detect mecA mediated oxacillinresistance. Vancomycin represent one of the most potent antibiotics against our hospital origin S.aureus isolates as all the tested isolates were appeared to be susceptible to vancomycin and only (6.6%) of them showed resistant. This may be due to the rare use of vancomycinas a terminal drug of choice against MRSA/ORSA in our clinical institutes. These findings are in accordance with that obtained by [22] . Maximum number of resistance was observed for ticarcillin-clavulanic acid represented by (93.4%); this may be due to the effect of the clavulanic acid (β-lactamase inhibitors) that has no antibacterial activity. Instead, they bind and inactivate β-lactamases, this protecting the antibiotics that are normally substrates for these enzymes.
According to the findings of [23]; despite aminoglycosides resistance among clinical MRSA isolates beingwidespread; gentamycin remains active against most MRSA strains; as we recorded (18%) resistance among tested isolates and the same value was obtained for amikacin that was reported by [24] to have no effect on S.aureus isolates from hospital personnel. High resistance against the first and fourth generation of cephalosporins represented by (55.7%) for cephalothin and (68.9%) for cefepime so this indicates that they are not being abused or commonly prescribed.
Within the tested aminoglycoside antibiotics tested, erythromycin that act by inhibition of protein synthesis showed relative activity against our tested isolates; [22] reported the development of moderate susceptibility to erythromycin among tested S.aureus isolates.
The amplified PCR product fornucgene appeared as a single DNA band with a molecular size of about (300bp); our results confirmed the classical biochemical and morphological methods for identification of the studied strains at the species level as reported by [14] , [25] .
Plasmids profiles for our clinical S.aureus isolates revealed that 11 isolates produce one or two bands representing their plasmid content that determine the location of genetic determinants for antibiotic as reported by [26] . Plasmids were not detected in 12 of the resistant strains and this may indicate that their antibiotic resistance was located on the chromosome.
Comparing the performance of these PCR assays for mecA + strains with those of classical methods of susceptibility testing; we observed discrepant results between oxacillin and cefoxitin when tested by disc diffusion method.
We detected a correlation between phenotypic and genotypic method of 100% for cefoxitin resistance, and these results confirmed the previous findings of [27] , [28] who reported that; the results of cefoxitin (DD) tests correlate better with the presence of mecAthan do the results of (DD) tests using oxacillin. The four mecA-negative tested isolates were not detected by the cefoxitin disc, but were detected by oxacilin disc. Thus, we found that the sensitivity in cefoxitindisc diffusion test was slightly better than that for oxacillin disc and this was reported by Ekrami and his collogues [29] . Our results are in agreement with [30] in that; differentiation between MRSA and BORSA strains is very difficult using phenotypic tests. False positivity of oxacillin (DD) method during our work may be due to hyper production of betalctamase which may lead to phenotypic expression of oxacillin-resistance (borderline oxacillin resistance); this was corroborated by the fact that all the isolates that were resistance to oxacillin but sensitive to cefoxitin were negative for mecAgene because they do not possess the usual genetic mechanism for such resistance.
In conclusion; for those who use disk diffusion as their routine susceptibility testing method for staphylococci, they should replace their (1μg) oxacillin discs with (30μg) cefoxitin that result in an easier-to-read test and provide equivalent detection (sensitivity and specificity) of oxacillin resistance in S.aureus discs. In addition; using accurate methods for the diagnosis of ORSA in our hospitals and that should be depended on PCR technique and not only by the conventional methods to differentiate between sensitive and resistant strains; that are independent of physical and chemical conditions of bacterial culture. 
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